To enhance portfolio return and achieve diversification, Saudi investors have long been seeking opportunities in real estate markets since the crash of Saudi stock market on February 2006. The aim of this paper is to explain the determinants of real estate price dynamics in the case of Saudi Arabia. Using monthly data from January 2008 to December 2012, we examine the impact of key monetary policy and macroeconomic variables, including money supply growth, inflation rates and interest rate, on the real estate price growth dynamics in Saudi Arabia. We study also the effect of stock market conditions (return and conditional volatility) on explaining real estate price movement. This study has important implications for investment decision and real estate market analysis in the case of an important real estate market.
Introduction
Saudi Arabia is a vital country in the Arab Middle East with the largest real estate market in the GCC countries. Saudi Arabia's economic fundamentals are strong with Real GDP growth averaged 6.25% per annum during 2008-2012, third behind China and India, despite the difficult global economic environment. It is forecast to become one of the best performing real estate markets in the few next. In Saudi Arabia, real estate plays a crucial role in the non-oil economy. The investment of real estate is especially preferred after the crash of local stock market on February 2006, due to traditional values and to the region's high income and population density. The prices of real estate (especially housing prices) are rising. Social and cultural factors play an important part on housing preferences.
According to special report "Housing the growing population of the Kingdom of Saudi Arabia" (2013), Saudi Arabia has been compared with similar countries in terms of population, GDP, and income levels. Based on this comparison, only 30% of the Saudi population own homes, a ratio below that of many emerging economies, while the global average stands at 70% (KCORP, 2013) .
Rising housing real estate prices in Saudi Arabia in recent years have drawn much attention. The housing market continues to expand on the back of high economic growth, favourable population demographics, and increasing urbanisation. Although the growing attention from investors and policy makers, research on the housing market in Saudi Arabia has been very limited. This paper analyses the effect of monetary policy and financial market on real estate price movement using linear quantile regression. The classical least squares and maximum likelihood estimators are only accepted for Gaussian distributions and present only a conditional mean view of the relationship. Quantile regression methods seek to broaden this view and offer a more complete characterisation of the stochastic relationship among variables and providing more robust and consequently more efficient, estimates in some non-Gaussian distribution. Thus, this paper has two main objectives. The first objective is to examine the impact of stock market, oil price, and key monetary policy variables on the real estate price growth dynamics in Saudi Arabia. The second goal is to explore if the effect of variables change across quantiles. This paper makes two contributions to the related literature on real estate markets. First, we find evidence that the stock return volatility co-moves with the real estate prices in bullish markets. Second, the oil price co-moves with real estate prices in the bearish and bullish market, implying an asymmetric effect Then, the use of nonlinear models like quantile regression can detect the dependence structure and the dynamics in the upper and lower tails of the distribution and this result can be generalised in real estate price dynamics analysis.
The rest of the paper is organised as follows: Section 2 discusses the literature review. Section 3 presents quantile regression methodology. Section 4 presents data and preliminary statistics. Section 5 presents estimation results and discussion. Finally, Section 6 concludes.
Literature review

The relationship between real estate and macroeconomic variables
Many studies show that macroeconomic variables explain real estate price dynamics. Quan and Titman (1999) find that real estate prices are influenced by GDP growth rates and provide a good long-run hedge against inflation. The anticipation of domestic currency appreciation, relatively higher interest rate, and robust domestic home price growth, foreign 'hot money' has flown to real estate markets and can affects prices movements. Zhang and Fung (2006) find that lag one quarter 'hot money' flows affect positively the home price growth, without controlling for the impact of monetary policy variables such as interest rate or growth in money supply. Lizieri et al. (1998) show that real estate markets are considered as cyclical in nature. Xu and Chen (2012) explore the impact of key monetary policy variables including long-term benchmark bank loan rate, money supply growth, and mortgage credit policy indicator, on the real estate price growth dynamics in China. They find that decreasing interest rates lead to an acceleration of money supply growth. However, rising interest rates, slower money supply growth and tightening mortgage down payment policy tend to decelerate the subsequent home price growth.
The relationship between real estate and stock markets
A growing part of literature on the relationship between stock markets and real estate prices exists. Okunev et al. (2000) use causality approaches to examine the relationship between real estate and the stock market index in the USA. They find that the linear causality results were spurious that nonlinear, but that there was a strong unidirectional relationship running from the stock market to the real estate market. Okunev and Wilson (1997) show that the integration between real estate and stock markets may not be linear and they propose a nonlinear integration framework to test the relationship between the two markets. Wilson and Okunev (1999) study the relationship between stock and real estate markets in the USA, UK, and Australia. They find a co-integration relationship between the stock and real estate markets in the USA from 1971 to 1987, in the UK from 1988 to 1993 and no long-run relationship. Fu and Ng (2001) find that real estate prices in Hong Kong are slower in adjusting to economic news relative to the stock market. The slow adjustment may induce serial autocorrelation in real estate price growth and a positive correlation between lag stock market return and real estate price growth. Quan and Titman (1999) study the relationship between stock and real estate markets in 17 countries over 14 years and find that the relationship between real estate and stock returns is not statistically significant, except in Japan. Lin and Lin (2011) analyse the integration relationship between stock markets and real estate markets in six economies (Japan, Singapore, South Korea, Taiwan, China, and Hong Kong). They find that that the stock market is integrated with the real estate market in Japan, but is fractionally integrated with the real estate markets in China, Hong Kong, and Taiwan. However, the stock market and real estate market is segmented in South Korea and Singapore. Zhang and Fung (2006) study the linkages between real estate and stock market returns in China. They find that the two markets are systematically negatively related due to fund flows.
Methodology and research design
The quantile regression model introduced by Koenker and Bassett (1978) is presented as follows:
( )
where Y is the dependent variable, X a vector of exogenous variables, and Q y (τ/X) denotes the τ th conditional quantile of Y, assumed to be linearly dependent on X. More formally, any random variable 'y' may be characterised by its distribution function F(y) = Prob(Y ≤ y), while for any 0 < τ < 1, Q(τ) = inf{y: F(y) ≥ τ} is called the τ th quantile of Y. The quantile function provides a complete characterisation of the random variable. More formally, taking a random sample y 1 , y 2 , y 3 ,…y n with the
According to Koenker and Bassett (1978) , the quantiles may be expressed as the solution to a minimisation problem:
Using the check function
In the case of linear dependence on a vector of exogenous variables (X), the linear conditional quantile function can be written as follows:
In this study, the vector of exogenous variables includes macroeconomic variables (represented by long-term benchmark bank loan rate, money supply growth, interest rate, stock market return and volatility). We evaluate Saudi Arabia real estate movements across seven quantiles q = {0.05; 0.1; 0.25; 0.5; 0.75; 0.9; 0.95}, which include the median (50%).
Data description and empirical model
Data description
The first dataset used in this study consists of monthly real estate price index from Saudi Arabia covering the period from June 2010 to March 2015. We use S&P Saudi Arabia real estate index obtained from DataStream database. The S&P Saudi Arabia real estate price index is a standalone index designed to capture 80% or more of the local market capitalisation. Constituent stocks are the largest and most liquid of the listed universe. The third dataset consist of conditional volatility of stock returns. We estimate the monthly stock return index volatility using EGARCH (1, 1, 1) . The most popular approach for modelling conditional volatility is the GARCH family of models, as introduced by Engle (1982) and generalised by Bollerslev (1986) and Nelson (1991) . GARCH models are attractive because of their simplicity and empirical success in modelling time-varying volatility in different contexts. The Exponential GARCH [EGARCH, Nelson (1991) ] is presented as follows ( )
where ω is the unconditional variance that satisfies the condition ω > 0, ε t is the innovation in the levels model and h t is the conditional variance. The parameter γ is the asymmetry parameter that satisfies the condition -1 < γ < 1. Figure 3 plots the estimated volatility with EGARCH model. The fourth dataset consist of short term interest rate (Saudi Interbank Offering Rate, SIBOR). Changes in interest rates may affect the real return from lending and the real cost of borrowing, at least in the short term. Figure 4 plots de dynamic of SIBOR during the period of the study.
The fifth dataset consists of inflation rates. Consumer price index (CPI) is used as a proxy for inflation rates. Figure 5 plots the movement of inflation rates during the period of the study. The sixth dataset consist of money supply M3 growth rate. The money supply represents the entire stock of currency and other liquid instruments in a country's economy as of a particular time. Economists analyse the money supply and develop policies revolving around it through controlling interest rates and increasing or decreasing the amount of money flowing in the economy. The money supply M3 measurement includes assets that are less liquid than other components of the money supply, and are more closely related to the finances of larger financial institutions and corporations than to those of businesses and individuals. Figure 6 plots the dynamics of money supply (M3) in Saudi Arabia from June 2010 to March 2015. Finally, we also use monthly OPEC oil spot prices as a proxy for economic development because Saudi Arabia remains the world's largest producer of crude oil and is the only country with significant spare production capacity. Figure 7 plots the dynamics of oil prices during the period of the study. Figure 7 plots the dynamics of crude oil prices during the period of the study. Table 1 summarises the preliminary statistics from these data. We note from this table that real estate index averages at 68.56 points and that the skewness measure is positive for all series which shows that excess-return time series are skewed to the right. The Jarque-Bera test shows that the null hypothesis of normality is rejected for all series. Figure 8 gives the quantile-quantile plots for the data, and none of the data series show a good fit to normal distributions. Then, if the data distribution is not normal, quantile regression can provide more efficient estimates for the relationship among Saudi Arabia real estate index, monetary policy and financial market variables. 
Empirical model
To account for market co-movements between real estate index dynamics and different macroeconomic variables, we postulated a model for the τ quantile of the distribution of real estate index dynamics:
where Y is the dependent variable, X a vector of exogenous variables, and Q y (τ/X) denotes the τ th conditional quantile of Y, assumed to be linearly dependent on X. Quantile regression does not require any distribution assumptions regarding the population and can estimate the parameters non-parametrically. The estimation of the conditional mean using OLS is extended to a similar estimation of an ensemble of models of various conditional quantile functions for data distribution (Allen et al., 2012) .
Estimation results and discussion
We evaluate effect of monetary policy and financial market on real estate price movement across seven quantiles. The estimation results of equation (5) are presented in Table 2 . We note that the effect of the stock market returns is positive and significant for all quantiles of the real estate market. However, the impact of stock return volatility is significant only for the intermediate and upper tail dependence. This implies that the structure of dependence is asymmetric, having upper tail dependence. The relationship between real estate dynamics and inflation is significant but only in the upper side. Thus, faster growth in inflation rates lead to the acceleration of residential price growth. The rate of inflation affects the real cost of borrowing and the real return from lending and would therefore affect the balance sheets of real estate firms and households. The coefficients of crude oil prices (used as a proxy for government spending) are significant for upper and lower quantiles and indicate a positif impact on residential real estate prices. This implies that he structure of dependence is asymmetric, having upper tail dependence and lower tail independence. 
Conclusions
Using monthly data from January 2008 to December 2012, this paper examines the impact of stock market conditions and key monetary and macroeconomic variables on the real estate price behaviour in Saudi Arabia. Using quantile regression approach, the main finding of the empirical study is that the stock return volatility co-moves with the real estate prices in bullish markets, while money supply and interest rate variables have no effects on the Saudi Arabia real estate price dynamics. On the other hand, the oil price co-moves with real estate prices in the bearish and bullish market, implying an asymmetric effect. Then, the use of nonlinear models like quantile regression can detect the dependence structure and the dynamics in the upper and lower tails of the distribution.
